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Water Čerenkov 
Muon Veto

Cryogenics & Xenon Purification

Dual-Phase TPC

Electronics & Data Acquisition

Xenon Storage, 
Recovery & Distillation
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XENON10 XENON100 XENON1T
2005–2007 2009–2016 2016–2018

25 kg LXe 
15 cm drift length 

SI  9  10–44 cm2 

at 100 GeV/c2 (2007)
σ ∼ ×

161 kg LXe 
30 cm drift length 

SI  10–45 cm2 

at 50 GeV/c2 (2016)
σ ∼

3.2 t LXe 
1 m drift length 
SI  4  10–47 cm2 

at 30 GeV/c2 (2018)
σ ∼ ×

PRL 100 (2008) 021303 
PRD  94 (2016) 122001 
PRL 121 (2018) 111302



Dr. Erwann Masson — IJCLab (CNRS, Université Paris-Saclay)

The XENON Program

6

XENON10 XENON100 XENON1T XENONnT
2005–2007 2009–2016 2016–2018 2020–2025

NOW

25 kg LXe 
15 cm drift length 

SI  9  10–44 cm2 

at 100 GeV/c2 (2007)
σ ∼ ×

161 kg LXe 
30 cm drift length 

SI  10–45 cm2 

at 50 GeV/c2 (2016)
σ ∼

3.2 t LXe 
1 m drift length 
SI  4  10–47 cm2 

at 30 GeV/c2 (2018)
σ ∼ ×

8.4 t LXe 
1.5 m drift length 

SI  2  10–48 cm2 
at 50 GeV/c2 (20 t   yr)

σ ∼ ×
×

PRL 100 (2008) 021303 
PRD  94 (2016) 122001 
PRL 121 (2018) 111302
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‣ Scalable ➞ well suited to DM search and evolving projects like XENON
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The evolution of LXe TPCs
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XENON10
XENON100

LUX
PANDA X-II

XENON1T

XENONnT

2005 2009 2013 2016 2016 2020

22 kg 105 kg 250 kg 580 kg 2000 kg 6000 kgLXe

ACTIVE LIQUID XENON  
TARGET MASS

0.2
0.82.65.3

LOW ENERGY  
ER BACKGROUND  
(t   d   keV)–1× ×

Total LXe mass  
3.2 tonnes

0.02 
(Goal)



What XENON1T 
found so far



Dr. Erwann Masson — IJCLab (CNRS, Université Paris-Saclay)

High-mass WIMP-nucleus interactions

‣ A few events in the region of interest but no significant excess over background

12

PRL 121 (2018) 111302
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High-mass WIMP-nucleus interactions

‣ A few events in the region of interest but no significant excess over background

‣ To date, strongest limit to the WIMP-nucleon cross section for WIMPs above 6 GeV/c2

‣ Unprecedented minimum of 4.1  10–47 cm2 at 30 GeV/c2 (90% C.L.)×
12
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Light DM search (S2-only)

‣ Analysis using the ionisation signal (S2) only ➞ access to 2–3 times lower energies

13

PRL 123 (2019) 251801

3 GeV/c2 4 5 7 10 14 20 30

10°41

10°40

10°39

10°38

10°37

10°36

10°35

SD
D

M
-n

eu
tr

on
æ

[c
m

2
]

XENON1T
S1S2

CDMSLite

LUX

PandaX-II

XENON1T
(this work)

Dotted: NEST Qy

(C): SD DM-neutron scattering

NR

NR



Dr. Erwann Masson — IJCLab (CNRS, Université Paris-Saclay)

3 GeV/c2 4 5 7 10 14 20 30

10°46

10°45

10°44

10°43

10°42

10°41

10°40

SI
D

M
-n

uc
le

on
æ

[c
m

2
]

XENON1T
(this work)

Dotted: NEST Qy

DarkSide-50 S2-onlyLUX

PandaX-II

XENON1T
S1S2

XENON100 S1S2

XENON100 S2-only

(A): SI DM-nucleus scattering

Light DM search (S2-only)

‣ Analysis using the ionisation signal (S2) only ➞ access to 2–3 times lower energies
‣ Best sensitivity to low-mass DM-matter interactions below 6 GeV/c2

13

PRL 123 (2019) 251801

3 GeV/c2 4 5 7 10 14 20 30

10°41

10°40

10°39

10°38

10°37

10°36

10°35

SD
D

M
-n

eu
tr

on
æ

[c
m

2
]

XENON1T
S1S2

CDMSLite

LUX

PandaX-II

XENON1T
(this work)

Dotted: NEST Qy

(C): SD DM-neutron scattering

NR

NR



Dr. Erwann Masson — IJCLab (CNRS, Université Paris-Saclay)

3 GeV/c2 4 5 7 10 14 20 30

10°39

10°38

10°37

10°36

SI
D

M
-n

uc
le

on
æ
m

¡
4

[c
m

2
(M

eV
/c

2
)4

]

PandaX-II

LUX Migdal

XENON1T
(this work)

Dotted: NEST Qy

(B): Light mediator

3 GeV/c2 4 5 7 10 14 20 30

10°46

10°45

10°44

10°43

10°42

10°41

10°40

SI
D

M
-n

uc
le

on
æ

[c
m

2
]

XENON1T
(this work)

Dotted: NEST Qy

DarkSide-50 S2-onlyLUX

PandaX-II

XENON1T
S1S2

XENON100 S1S2

XENON100 S2-only

(A): SI DM-nucleus scattering

0.2 keV/c2 0.5 1 2 5

10°14

10°13

10°12

10°11

10°10

g a
e

CoGeNT

EDELWEISS-III

LUXPandaX-II

XENON1T
(this work)

(E): Axion-like particles

Light DM search (S2-only)

‣ Analysis using the ionisation signal (S2) only ➞ access to 2–3 times lower energies
‣ Best sensitivity to low-mass DM-matter interactions below 6 GeV/c2

‣ New constraints on various models, from DM-electron scatterings to axion-like particles
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Light DM search (Migdal & Brems)

‣ Taking advantage of the post-NR lag between the 
nucleus and orbital electrons motion 
➞ Migdal and Bremsstrahlung  1 keV ER radiation≲
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‣ Extremely rare process, never observed before

2ν Double Electron Capture in 124Xe
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Best energy resolution ever achieved 
by a Dark Matter experiment 

(0.80   0.02)% at 2.46 MeV 

Sets the stage for 
0νββ decay search with 136Xe

±
➞
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The observation

‣ Carefully selected electronic recoil 
data from XENON1T Science Run 1

‣ Comprehensive background model

‣ What is going on here?
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Data selection

‣ Science Run 1 (SR1, Feb. 2017– Feb. 2018) data ➞ 226.9 d effective live time 
(  24.4 d cross-check data from post-SR1 SR2 with 20% less ER background)+

‣ Surface and material background mitigation ➞ 1 042 kg LXe fiducial volume

‣ Selection of high S2 threshold, single scatter events (  other requirements) in 1–210 keV+
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Background model B0

‣ 10-component background model (dominated by 214Pb β decay from 222Rn emanation)

‣ Theoretical and GEANT4 spectra, convolved with detector effects (resolution, efficiency)
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Muon veto

Neutrinos 
Dark particles

Muons
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β & γ

‣ Through  1 km of rock 
Muons ➞ too high energy 
Neutrinos & dark particles 

>

‣ Through cms of metal/LXe 
Neutrons ➞ NR, not ER 
β & γ ➞ too high energy 

‣ Infiltrating LXe 
214Pb, 85Kr, 136Xe, etc. 
    ➞ taken into account 
127Xe, 37Ar 
    ➞ too short half-life 
    ➞ 13   higher rate needed 
3H (Tritium) 
    ➞ why not?

×
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Tritium hypothesis 
favoured over B0 at 3.2σ

‣ Fitted rate ➞ (159  51) events/(t  yr) 

‣ 3H/Xe  (6.2  2.0)  10–25 mol/mol 
➞  3 tritium atoms/kg of xenon

± ×

= ± ×
≲
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Many models, 
three approaches 

considered 
in our paper
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Axion hypothesis 
favoured over B0 at 3.4σ

‣ Simultaneous search for ABC, 
Primakoff and 57Fe axions 
(unconstrained components in the fit)

‣ Axion hypothesis still favoured over 
B0   tritium at 2.0+ σ
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‣ 3D 90% C.L. volume gae vs. gae gaγ vs. gae gan

‣ Exclusion of gae   0 OR gae gaγ   gae gan   0= = =

‣ Strong tension with stellar cooling constraints

 ABC∼

 P
ri

m
.

∼

 ABC∼

 57
Fe

∼

 Prim.∼

 57
Fe

∼

eff

 ABC∼  Prim
.

∼
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‣ SM extensions ➞ magnetic moment  enhancing ν–e– cross section at low energyμν

‣ Cherry on top, 10–15 B ➞ neutrinos may be Majorana fermionsμν ≳ μ

‣ Strong tension with astrophysical limits but consistent with comparable Borexino results

Neutrino magnetic 
moment hypothesis 
favoured over B0 at 3.2σ
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‣ Searching for two main components as monoenergetic peaks 
➞ Axion-Like Particles  axions (  (gae)2) with higher masses 

➞ Dark photons, could couple with photons (  2) and be 
absorbed by photoelectric effect

≈ ∝
∝ κ

Axion-Like Particles Dark Photons
‣ Most significant at 

(2.3   0.2) keV/c2 
(favoured at 3 )

±
σ

‣ No excess above 
3  ➞ upper limits 
on gae and 
σ

κ

‣ Best limits overall
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(And promising!)

Play with our data ➞ https://doi.org/10.5281/zenodo.4273099

https://doi.org/10.5281/zenodo.4273099
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Background

1/6

Active volume

 3×
Data taking

Starting late 2020

Axion–tritium 
discrimination

A few
months

@XENONexperiment
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